The spatiotemporal evolution of parametric instabilities such as stimulated Raman scattering is studied analytically in time and two spatial dimensions. Initial and boundary conditions are chosen to represent the entrance, propagation, and exit of a laser pulse of finite extent as it progresses through a homogeneous collisional plasma channel. For most scattering angles daughter wave growth is enhanced by lateral reflections within the channel. At late times the two-dimensional interaction approaches a one-dimensional damped mode in which the dissipative loss from lateral transmission of the Stokes wave through the channel boundaries is equivalent to an overall damping of the Stokes amplitudes within the channel.
I. INTRODUCTION
Early work on the spatiotemporal evolution of parametric instabilities was described by Bers [l] . Recently, there has been a resurgence of interest in the spatiotemporal evolution of stimulated Raman scattering (SRS) [2-121 an s imulated Brillouin scattering (SBS) [13- d t al], driven by the realization that the transient phase of these instabilities dominates many experiments. This current work serves to expand and unify our previous works [7, 8, lo-121 by developing an analytic model of parametric instabilities within a plasma channel which includes the effects of two spatial dimensions, damping, finite pulse and plasma boundaries, and oblique reflections of the daughter waves induced by lateral density variations.
Due to the multitude of parametric instabilities, it is impossible to include all of them in this work. Thus, with regard to current interest, we have chosen as an example to consider only that of Stokes generation as applicable to stimulated Raman scattering.
The analyses of other parametric instabilities can follow quite easily in a similar fashion.
Stimulated Raman Scattering (SRS) is the decay of an incident light wave (0)
into a frequency-downshifted, or Stokes, light wave (1) and Langmuir wave (2) (Fig. 1 ).
The conservation of energy and momentum is reflected in the frequency and wave-vector matching conditions wo = w1+ w2 ) k. = k; + k2 .
In the weak-coupling regime, the initial evolution of SRS in a homogeneous two-dimensional is the temporal growth rate of SRS in an infinite plasma, and the group velocities of the daughter waves are given by u1 = c2 Jkrl /wr and 212 = 321: lk2) /2w2 where ut is the thermal velocity of the electrons 1221. In consideration of the large velocity of the Stokes wave within the plasma (~1~ = c cos 19, uly = c sin 0 for scattering angle 0 < 13 < K) and the comparably small velocity of the Langmuir wave, we have neglected terms such as vz,& and 212~8~ in the second of Eqs. (2) so that the Langmuir wave does not convect relative to the plasma. Although the governing equations neglect additive stochastic source terms, the closed form analytic solutions for the daughter wave amplitudes that these equations produce have the same gain factor and qualitative spatiotemporal evolution as models which include the stochastic terms [13- 151. Finally, a system such as Eqs. (2) can also be generalized to include both the stabilizing effect of the anti-Stokes (frequency-upshifted)
wave [2, 5, 91 and the effects of strong coupling [9, 16, 18, 191 .
II. TWO-DIMENSIONAL FORWARD SRS
The governing equations and boundary and initial conditions for two-dimensional forward SRS in a collisionless plasma channel are given by Eqs. This system is representative of a rectangular constant amplitude laser pulse of semiinfinite extent in the negative x direction, propagating to the right at speed v. where at t = x = 0 its leading edge enters a plasma channel which is bounded by 0 5 x 5 I, and 0 5 1~ < 1, and has a uniform Langmuir seed for the initiation of the instability. Within the channel the laser pulse decays into both an upgoing and downgoing electron plasma (Langmuir) wave and scattered light (Stokes) wave which propagates obliquely to the right (0 5 0 5 7r/2) and reflects off of the channel walls at y = 0 and y = I, with a reflectivity coefficient 0 < r(0) < 1. Note that at x = 0 it is only necessary to define either the Stokes or Langmuir amplitude and the other condition becomes a consequence of the interaction.
Additionally, it is the boundary conditions and not the governing equations that couple the upgoing and downgoing waves so that in the zero reflectivity limit we recover the interaction studied in Ref. 
E* (47 rl,o> = 0, i'l* (4, rl, 0) = 1/ (w) ,
where the double overbar denotes that a double Laplace transform has been taken. The-solutions to Eqs. (6) and (7) are
where CY = y2/s -s. Close inspection of the amplitudes in Eqs. (8) shows that the lateral symmetry in the governing equations and initial and boundary conditions is manifested in Lc-' r(q) eeqv
so that the inverse Laplace transform of Eqs. (8) can be cast in the form 
In the nonreflective theory of Ref. 12 we had three distinct regions of spatiotemporal growth. In the reflective theory, we will now have three distinct regions of growth for each n in Eqs. (13) (Fig. 2 ). For n = 0 we will have the same three regions as in the nonreflective theory with the two-dimensional amplitudes multiplied by a factor of (1 -r). In terms of the space and time variables x, 3, and t, the first region for n >_ 1 Plots of Eqs. (12) and (13) and III are exactly the same as in the nonreflective theory and there is a vast difference in the spatiotemporal evolution of region II in the reflective and nonreflective theories. The reflective theory predicts amplitudes in region II that are greater than the nonreflective theory and depend less on the lateral spatial variable y. This can be attributed to the-manner in which each of the n reflections in Eqs. (13) contribute to the total amplitude.
From Fig. 2 we see that each nth reflection has its own three regions of growth, and each n-plus-first reflection adds in such a way that its regions I and III overlap the nth region II.
Since regions I and III are both one dimensional in nature and region II is two-dimensional we see that for a finitely large number of reflections the total amplitude in the general two-dimensional region can become dominated by one-dimensional growth.
If we now consider damping within the plasma channel then the governing equations become along with the boundary and initial conditions of Eqs. (3). It is not difficult to show that the solutions for these governing equations are given by Eqs. (12) and (13) Plots of Eqs. (12) and (13) It is also obvious that the amplitudes in region II are greater than that predicted by the nonreflective theory and depend less on the lateral spatial variable y. As in the forward case, this structure is due to the overlapping of the nth two-dimensional region by the n-plus-first one dimensional regions (Fig. 4) .
If we now consider damping within the plasma channel then the governing equations for the backward interaction become
along with the boundary and initial conditions of Eqs. (17) . It is not difficult to show that the solutions for these governing equations are given by Eqs. (12) . 
IV. DISCUSSION OF THE ZERO TRANSMISSION CASE
To determine the daughter wave amplitudes when there is total reflectivity (T = 1) we can simply substitute T = 1 into Eqs. (13) and we are left with
B+ (6 rl, 7) = sinh (7~) H(t -7) + [J'S (I, T) + sinh (y-)1 H (7 -[) , N+ (C, rl, T> = cash (~7) H(I -T) + [FL (t, 7) + cash (ye)] H (T -r) ,
which has no dependence on the lateral spatial coordinate (7) 
